PATENT APPLICATION 
OF 

JURIS SULCS 
AND 
ABBAS LAMOURI 

FOR 

METHOD OF MAKING ARC TUBES 




BACKGROUND OF THE INVENTION 



This invention relates generally to horizontally burning high intensity discharge 
("HID") lamps with a vaporizable lamp fill material, and to an arc tube therefor. 

HID lamps with a vaporizable lamp fill material such as metal halide and ultra 
high performance mercury lamps have been developed as a point source. Many HID 
lamps with a vaporizable fill material have found widespread use in outdoor and indoor 
applications. In many applications, metal halide lamps have been favored because of 
their higher efficiency in producing white light. However, most arc discharge lamps for 
general lighting applications are universal, i.e., they are designed to operate in any 
orientation. When the burning position of a conventional arc discharge lamp is changed 
from the vertical to the horizontal position, a dramatic shift in light output and color 
temperature generally occurs. 

For example, metal halide lamps designed to operate only in a horizontal position 
are well known. When a metal halide lamp is operated in the horizontal position, the arc 
discharge is not coaxial with the horizontally disposed electrodes but tends to bow 
upwards because of convection currents within the arc tube. The bowing of the arc heats 
up the upper part of the arc tube and creates a cold spot along the bottom where the 
halides condense. The resulting large difference in temperature between the upper and 
lower parts of the arc tube creates performance problems. Depending on the temperature 
of the cold spot, the halides may condense in such a manner that the surface area of the 
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halide pool is significantly reduced and the vapor pressure of the halides in the arc tube is 
decreased correspondingly, degrading the light output and the quality of color. In 
addition, the upper portion of the arc tube may overheat resulting in possible 
devetrification and increased halide reaction with silica. Thus, the life and efficiency of 
the lamp are compromised. 

The prior art has repeatedly tried to obviate the difficulties which result from the 
bow in the arc and the resultant difference in temperature between the upper and lower 
portions of the arc tube. For example, the Koury U.S. Patent No. 3,858,078 dated 
December I, 1974 and the Karlotski U.S. Patent No. 4,498,027 dated February 5, 1985 
disclose the use of an arched arc tube so that the arched shape of the arc tube conforms 
generally to the bow in the arc during normal operation. However, such arched arc tubes 
generally have a low spot behind the electrodes and away from the arc, thus creating an 
undesirable cold spot where the halides condense into a pool having a relatively small 
surface area. 

It is know to locate the electrodes slightly below the curved axis of such arched arc 
tubes in an effort to heat the end cavity of the arc tube as disclosed, , e.g., in the Gungle 
U.S. Patent No. 4,056,751 dated November 1, 1977. This adds complexity in the 
manufacture of the arc tubes but has not obviated the problem of halide condensation 
behind the electrodes and increased the cost of manufacturing. 
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Others have attempted to increase the distance from the arc to the top of the arc 
tube and to increase the temperature of the lower portion of the arc tube by lowering the 
electrodes relative to the axis of the arc tube without arching the arc tube. As shown in 
Figures 1, 2 and 6, a cylindrical arc tube body 10 may be pinched on the ends 12, 14 and 
the axis of the electrodes 20 low ered below^ the axis 24 of the arc tube body. As 
illustrated in Figure 3, the cross-sectional shape of the upper portion of the arc tube 
between the free ends of the electrodes may be modified to increase the distance from the 
top wall from the arc relative to the side walls. The Rigden U.S. Patent No. 4,232,243 
dated November , 1980, the Howies U.S. Patent No. 4,001,623 dated January 4, 1977, 
and the Kowalczyk U.S. Patent No. 5,525,863 dated June 1 1, 1996 are exemplary of such 
efforts. 

However, this approach has not solved the problem of cold spots below and behind 
the electrodes where the halides will condense, and the location of the electrodes below 
the longitudinal axis of a generally symmetrical arc tube will create wide and 
unacceptable variations in color quality as the size and location of the surface area of the 
halide pool changes when the buming position is tilted slightly from the horizontal in the 
installation of the lamp into a fixture. 

More recently, a successful approach is described in the Sulcs U.S. Patent 
5.055,740 dated October 8, 1991 assigned to the assignee of the present invention. In this 
approach, and as shown in Figure 4, the electrodes 20 are located below the central axis 
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24 of a cylindrical arc tube which is asymmetrically pinched at 12, 14 to shape the tube at 
both ends and to move the halide pool toward the central portion thereof. This solves the 
problem of the overheating of the upper portion of the arc tube and the variation in color 
w ith the tilting of the lamp because only the upper portion of the arc tube is arched by the 
asymmetrical pinch. However, even here, the amount of surface area of the halide 
condensate is less than desirable and the arc tube wall below and around the electrodes 
tends to overheat because of proximity to the electrodes. 

Attempts have been made to flatten the bottom portion of a cylindrical arc tube to 
move it closer to the arc and thereby reduce the temperature differential between the top 
and bottom portions of the arc tube. Such an arc tube is disclosed in the Gordin et al U.S. 
Patent No. 5,0016,150 dated May 14, 1991. However, and as explained in greater detail 
in the aforementioned Kowalczyk U.S. Patent No. 5,525,863 and as illustrated in Figure 
5, the flattening of the lower wall does not address the overheating of the upper wall and 
results in longitudinal zones of irregular curvature where the distance RA from the axis of 
the electrodes 20 is greater than the distance R from the electrode axis to the top and side 
walls of the arc tube. 

Still others have attempted to address the cold spot problem by coating the ends of 
arc tubes with an infrared reflective coating to raise the temperature of the cold spots 
behind the electrodes. However, such coatings do not address the cold spot problem at 
the bottom of a horizontal burning arc tube. 
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It is accordingly an object of the present invention to obviate many of the problems 
associated with horizontal burning arc discharge lamps and to provide a novel horizontal 
burning HID lamp, arc tube and method of arc tube construction. 

It is another object of the present invention to provide a novel horizontally burning 
arc discharge lamp and method with more uniform temperature distribution over the wall 
of the arc tube. 

It is still another object of the present invention to provide a novel horizontally 
burning arc discharge lamp and method with an increased condensate surface area. 

It is yet another object of the present invention to provide a novel horizontally 
burning arc tube and method in which the electrodes are lowered to accommodate for the 
bow in the arc and the lower portion of the arc tube is flattened and thus brought closer to 
the arc, resulting in a lower difference in temperature between the upper and lower 
portions of the arc tube and an increased condensate surface area in the pool. 

It is still yet another object of the present invention to provide a novel horizontally 
burning arc tube and method in which the electrodes are lowered to accommodate for the 
bow in the arc and the sides of the arc tube are brought closer to the arc, resulting in a 
more uniform arc tube wall temperature. 

Another object of the present invention is to provide a novel horizontally burning 
metal halide arc tube and method with improved light output and color quality, and less 
sensitivity to the orientation of the lamp 
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Yet another object ot the present invention is to provide a novel horizontally 
burning arc tube and method of increasing the temperature of the lamp at which 
condensation occurs. 

Still other objects of the present invention are to provide novel methods of 
improving the performance of horizontally burning arc tubes and lamps. 

Still further objects of the present invention are to provide novel horizontal 
burning arc tubes and novel methods of constructing them. 

These and many other objects and advantages of the present invention will be 
apparent to one having skill in this art from the following detailed description of preferred 
embodiments when read in conjunction with the accompanying drawings. 

THE DRAWINGS 

Figure 1 is an elevation and cross-sectional view of a prior art arc tube illustrating 
a cylindrical chamber with lowered electrodes. 

Figure 2 is an elevation and cross-sectional view of a prior art arc tube illustrating 
an asymmetrically pinched cylindrical chamber with lowered electrodes. 

Figure 3 is an elevation and cross-sectional view of a prior art arc tube illustrating 
a non-cylindrical, arc conforming arc tube with lowered electrodes. 

Figure 4 is an elevation and cross-sectional view of a prior art arc tube illustrating 
an asymmetrically pinched cylindrical chamber with lowered electrodes. 
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Figure 5 is an elevation and cross-sectional view of a prior art arc tube illustrating 
a cylindrical chamber with a flattened bottom wall 

Figure 6 is an elevation and cross-sectional view of a prior art arc tube illustrating 
a cylindrical chamber with lowered electrodes. 

Figure 7 is an elevation and cross-sectional view of one embodiment of the arc 
tube of the present invention with a cylindrical top and a planar flattened bottom. 

Figure 8 is an elevation and cross-sectional view of another embodiment of the arc 
tube of the present invention with a cylindrical top and a planar flattened bottom and 
lowered electrodes. 

Figure 9 is an elevation and cross-sectional view of another embodiment of the arc 
tube of the present invention with a cylindrical top and V-shaped flattened bottom. 

Figure 10 is an elevation and cross-sectional view of another embodiment of the 
arc tube of he present invention with a cylindrical top and large radius bottom and 
lowered electrodes. 

Figure 1 1 is a schematic representation of the cross-section of a portion of an 
embodiment of the arc tube of the present invention illustrating the planar relationship of 
the bottom of the circles which define the top of the arc tube. 

Figure 12 is a schematic representation of the cross-section of a portion of an 
embodiment of an arc tube of the present invention illustrating a non-planar relationship 
of the bottom of the circles w hich define the top of the arc tube. 
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Figure 13 is an elevation and cross-sectional view of an embodiment of an arc tube 
of the present invention illustrating the relationship of the diameter of the circle through 
the center of the arc tube to the length thereof and the arcuate portion of the circle which 
has been generally flattened. 

Figure 14 is an elevation and cross-sectional view of another embodiment of the 
arc tube of the present invention illustrating the narrowed sides with respect to axial 
electrodes and the arc subtended by the flattened portion. 

Figure 15 is a top plan view of the arc tube of Figure 14. 

Figure 16 is a bottom view of the arc tube of Figure 14 illustrating the shape of the 
flattened portion. 

Figure 17 is a top plan view of the arc tube of Figure 14 illustrating the degree of 
narrowing at the elevation of the electrodes. 

Figure 18 is cross-sectional view of an arc tube illustrating one design in the 
narrowing thereof. 

Figure 19 is an elevation and cross-sectional view of another embodiment of the 
arc tube of the present invention illustrating the tilting of the electrodes in a narrow arc 
tube and the angle at the electrodes subtended by the flattened portion. 

Figure 20 is a bottom view of another embodiment of the arc tube of the present 
invention with tilted electrodes and a shallow v-shaped flattened portion. 
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Figure 21 is a cross-sectional view of the arc tube of Figure 20 illustrating the 
arcuate portions thereof 

Figure 22 is a pictorial representation of one embodiment of the horizontal burning 
HID lamp of the present invention. 

Figures 23 - 26 are pictorial views illustrating the process of using a lathe and 
torch to make the arc tube of the present invention from a tube of vitreous material 
DESCRIPTION OF PREFERRED EMBODIMENTS 

With reference now to the embodiment illustrated in Figures 7 and 7A, the arc tube 
of the present invention includes a light emitting chamber formed in any suitable 
conventional manner with a pair of spaced apart, coaxial electrodes extending through the 
closed ends thereof . The arc tube may be formed of quartz or a slip cast ceramic. In the 
embodiment of Figure 7 the upper portion 3 1 of the arc tube in cross-section is 
preferentially the arc of a circle, i.e. a constant distance from the axis 30 of the electrodes 
32. The cylindrical upper portion 3 1 of the arc tube continues downwardly for an angle a 
of between about 20 degrees and about 80 degrees below the horizontal on both sides, 
preferably between about 30 degrees and 60 degrees, where the arc joins the flattened 
bottom portion 33, As shown in Figure 7, the loci 36 of the points of junction of the top 
portion and bottom portion form lines inclined to each other and to the axis 30 of the 
electrodes 32. 
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The cross-section of the chamber 34 is generally the same between the electrodes, 
i.e. the bottom is substantially planar between the electrodes, and the center of the circles 
which defme the upper portion of the arc tube are coaxial with the electrodes. How ever 
as shown schematically in Figure 1 1, the radius of the circles gradually decrease from the 
radius Rc at the center section of Figure 7 A through radii Rl, R2, etc. to both ends of the 
chamber 34. This results in a continuing decrease in the cross-sectional area from the 
center of the chamber to the ends thereof as well as a slight decrease in the horizontal 
width of the flat bottom from the center of the chamber toward the ends thereof. 

Alternatively as illustrated in Figure 12, the radii of the circles defining the cross- 
section of the chamber 34 may decrease as shown in Figure 1 1 but the centers may be 
lowered to place the lower tangent in the same horizontal plane. This increases the 
surface of the bottom of the chamber and steepens the decline of the top wall 3 1 from the 
center of the chamber to both ends. 

In the embodiment of Figure 8, the axis 30 of the electrodes 32 may be lowered 
relative to the axis of the circle defining the central cross-section of the chamber while 
maintaining a planar bottom between the electrodes. 

In the embodiment of Figure 9, the axis 30 of the electrodes may be coaxial with 
the axis of the circle defining the central cross-section and the bottom independently 
shaped to form a bottom 33 which is slightly v-shaped across the w idth of the chamber. 
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In the embodiment of Figure 10, the axis 30 of the electrodes may be lowered with 
respect to the axis of the circle defining the central cross-section and bottom 
independently shaped to produce a bottom 33 w hich has a radius of curvature R which is 
large with respect to the radius Rc of the circle through the center of the upper portion of 
the chamber, preferably a ratio R/Rc between about 1.5 and about 5,0. Thus a slight 
dow nwardly convex curve is provided across the width of the chamber. 

A slight v-shape or large radius curve may also be provided along the bottoj 
portion of the chamber from end to end. The object in all embodiments^is^o provide an 
essentially flat bottom to the chamber to thereby increase th(& surface area of the halide 
pool and thus the vapor pressure of thq^halides iarite arc. This bottom may be curved or 
V-shaped both longitudinally and/or t^n^versely of the arc tube. Formed body arc tubes 
provide great manufacturing,il€xibility and may, , e.g., be manufactured in the manner 
described in the Sulp<" et al copending patent application Serial No. filed 
and entitled/method of Making Optical Coupling Device" (Case 2159) assigned to the 
assign/re of the present invention, the disclosure of which is hereby incorporated herein by 
fference. 

More specifically with reference to Fig. 23, a tube 80 of quartz or other vitreous 
material is shown held by an axially stationary holding device or headstock 82 and an 
axially moveable holding device or tailstock 84. The tube 80 may be heated in a 
conventional manner by one or more torches 86 near the stocks 82 and 84 to compensate 




for any longitudinal curvature in the tube 80 and to relieve the stress of griping by the 
tailstock 84. 

As illustrated in Fig. 24 where like elements have been accorded like numeric 
designations, the central section of the tube 80 may be heated by a torch 86 to soften the 
tube in the area where the chamber is to be formed. Movement of the tailstock 84 toward 
the headstock 82 will cause the softened tube to compress and the lateral displacement of 
the material forms a thicken wall area 88. As shown in Fig 25, the steps of localized 
heating and axial movement of the tailstock are repeated until the wall of the tube 80 has 
been thickened over the entire area which is to become the arc tube chamber. Note that 
the thickening is carefully controlled relative to the diameter of the tube 80 so that a 
passageway remains through the tube 80 after the gathering process is completed. 

The entire gathered area 90 may then be heated with a torch 86 to soften the 
material into a malleable state in which it can be molded. The two sides 92,94 of a mold 
may then be placed over the softened and thickened area 90 of the tube, one end of the 
tube sealed in a conventional manner by a plug 96, and a gas introduced into the other end 
of the tube from a suitable conventional source (not shown). The pressure of the gas 
internally of the thickened tube expands the outer walls against the mold, thinning the 
outer walls in the process, desirably to the approximate thickness of the tube as originally 
placed in the lathe. This results is the formation of an arc tube chamber having the shape 
of the mold. 
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The thickness of the wall may be controlled in the gathering process, i.e., it may be 
desirable to have the wall thicker or thinner than the wall thickness of the original tube. 
The thickness may also be influenced by the orientation of the mold because the softened 
glass tends to flow under the influence of gravity once the rotation of the tube is stopped 
for the placement of the mold thereover. As is well know n, the heat absorption of the 
glass is a function of its thickness and it has been found desirable to split the mold 
horizontally rather than vertically. It has also been found that the softened glass tends to 
flow downwardly under the influence of gravity when rotation of the tube is stopped to 
position the mold with respect thereto. Thus the wall thickness may be slightly thicker on 
the lower side of the mold and it has been found desirable to position the mold bottom 
side uppermost in forming the arc tube. 

One of the advantages of the present method of arc tube formation is that the arc 
tube may be made in symmetrical or asymmetrical shapes which are difficult to produce 
by pinch sealing of a cylindrical tube. In preferred embodiments, the bottom of the arc 
tube is between about 20 and about 80 percent of the length and width of the chamber, 
preferably between about 50 and about 60 percent of the length. 

Another advantage is that a smaller diameter tube may be employed than would be 
required in the conventional pinching of a tube having the diameter of the chamber. The 
amount of material w hich must be pinched, and the amount of heat to elevate the 
temperature of that material may thus be significantly reduced. In a preferred 
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embodiment, the tube is between about 5 mm and 7 mm in diameter and the maximum 
height of the mold cavity is between about 10 mm and about 30 mm. 

This process of arc tube formation facilitates the formation of an arc tube chamber 
in which the electrodes may be lowered within the chamber to accommodate for the bow 
in the arc. By flattening the bottom of the arc tube, the distance from the bowed arc to 
the chamber wall is decreased, particularly in the area of the electrodes where the cold 
spots customarily form. The temperature of the chamber wall is made more uniform. In 
addition, the flattening of the bottom portion of the chamber increases the surface area of 
the halide pool for a given amount of halide, increases the exposure of the pool to the arc, 
and thus increases the vapor pressure of the halides in the chamber. The color quality and 
light output are thus improved. 

By way of example, tests have indicated a twenty to thirty percent increase in the 
efficacy or lumens per watt of lamps employing the arc tube of the present invention with 
little sensitivity to slight tilting of the lamp from the horizontal. 

Additional modifications may be made to the shape of the arc tube. With 
reference for example to Figure 13, the ratio of the length L to the nominal height 2Rc, or 
aspect ratio, of the arc tube is between about 4 and about 1, preferably between about 3,0 
and 1.5 with the angle a betw een the junction of the flattened bottom and the sides of the 
arc tube below the horizontal being between about 20 and about 80 degrees, preferably 
between about 30 and about 60 degrees. 
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As shown in the side view of Figure 14 and the top view of Figure 15, the chamber 
60 may be narrowed as best seen in Figure 14A. bringing the side walls closer to the arc 
than would result from the formation of the arc tube from a tube cylindrical in cross- 
section. This narrowing may result in a ovate flat bottom as shown in Figure 16 as the 
flat portion of the bottom also narrows from the center towards both ends of the arc tube. 

This narrowing may be achieved by effectively removing the center section D of 
the arc tube of Figure lOA as is shown in Figure 18. This retains the arcuate shape of the 
walls 62 of the arc tube, i.e., the circle radius R is maintained but the center of such arcs 
are displaced horizontally from the longitudinal center of the chamber. 

As shown in Figure 17, the side walls 64 are moved inwardly with respect to the 
position 66 thereof as shown in the arc tube of Figure 7 a distance D2 which effects a 
reduction of the maximum width of the Figure 7 embodiment at the longitudinal center 
thereof between about 5 percent and about 50 percent, preferably between about 10 and 
about 40 percent. 

^ I , Where the arc tube is narrowed at both ends relative to the center thereof, 
combination with a flattened bottom is suggestive of the bottom of a canoe. As 
referenced herein, the term "canoe-shaped" includes flattened bottoms which are planar, 
and those which are either a shallow v-shape or arcuate from end-to-end and/or side-to- 
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A further embodiment is illustrated in Figure 19 where the electrodes 68 are tilted 
downwardly toward the free ends thereof at an angle to the horizontal between about 5 
and about 40 degrees, preferably between about 10 and about 20 degrees. This has the 
effect of further lowering the arc within the chamber 60 and makes the angle p at the free 
end of the electrodes 68 from the vertical to the junction 70 of the arcuate side w alls and 
the flattened bottom between about 80 degrees and about 20 degrees, preferably between 
about 60 and about 30 degrees. As used herein, the term "tilted" includes both the 
angular attachment of a wire electrode and the axial attachment of an electrode which has 
been bent to the desired angle. Because the electrodes are typically made of tungsten and 
may be brittle, the electrodes may have to be heated prior to the bending 

As shown in Figure 21, the distance D3 which the free ends of the electrodes 68 
are lowered places the free ends of the electrodes between about 10 and about 50 percent, 
preferably between about 25 and about 33 percent, of the height of the chamber at the free 
ends of the electrodes. 

The flattened bottom 72 of the arc tube may be arcuate as shown in Figure 19 or 
slightly V-shaped as shown in the bottom view^ of Figure 20 and the cross-sectional view 
of Figure 21 . The flattened bottom is desirably concave upwardly from end-to-end and 
from side-to-side which tends to keep the pool in the center of the chamber and thus 
reduces the susceptibility of the arc tube to minor changes in position relative to the 
horizontal. 
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As is well known, halides are substantially transparent to infra red radiation and 
absorbent of ultra violet radiation from the arc. The increased surface area of the halide 
pool increases the area of absorption and may increase the temperature of the condensate 
and thus the amount of halide in the arc. 

As shown in Figure 22, lamps 50 may include a conventional mogel base 52 and 
an outer envelope 54 in which a flat bottomed arc tube 56 may be mounted in any 
suitable conventional manner. Because the arc tube is rotationally fixed relative to the 
lamp base, and because the arc tube is operational only with the flat side down, it is 
desirable that the base be configured in any suitable conventional way to mate with the 
lamp fixture only in a predetermined manner which achieves that result. 

While preferred embodiments of the invention have been illustrated and described 
in the foregoing written description, many modifications will be readily apparent to one 
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appended claims. 
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